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Arm in HPC Tools

Ar'M Allinea Studio EEREGER

For Cross-platform
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We do tools for a single reason:
help people save their time.

Bug
Resolution
Solver Code
tuning validation

Bottleneck | | Production
isolation
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Achieving performance portability

Turn
‘ “y information
']Ic"l’ern alot into better
0 a’Famto code
’ , meaningful
Retrieve information
useful data

QJse powerful
tools easily
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Using powerful tools more easily

e Fast and easy
Remote alternative to X-

Client Forwarding and
VNC

e Simplifies
Reverse integration with
Connect job submission
scripts

e Automation of
debugging &
profiling for
professional
workflows

Continuous
Integration
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Generating useful and meaningful information
O

Scalable & e e
Portable ® &6 &6 ¢ 0 o

Profiled: clover_leaf on 32 processes, 4 nodes, 32 cores (1 per process) Sampled from: for 408.1s

Application activity

Cross-Process Comparison View

Expression: [ dynamicArray

CPU floating-point

255 % I Limit col . —
A .4 Cloverleaf Metrics IL
Lustre write transfer
= sE2MEs 0’”*’ Clowerleaf custorm metrics
- - |
Data CO eCtI O I I Lustre p = n:;’?:‘:t'el Average lterations per second 3.88 iterations f =
s ea . . N .
d rﬁ',eez,,ea,, Maximum lterations per second 26 .0 iterations /s [
Lustre file opens = . .
o MAverage Grind time per cell 17.0ns |
461165, 11.3% of total: Main thread ¢~ Maximum Grind time per cell 17.5ns I W
i_' Average Step time per cell 21 ns B |
Maxirmum Step time per cell 1.5 us
D ata Profiled: mmuli4_sol_c.exe on 16 processes, 1 node, 272 cores (17 per process) Sampled from: for 48.1s Hide Metrics...

oISy Tee————

Memory usage k |
TCEME

o

18.428¢, 38.3% of total: OpenMP 61.1 %, MPI1 2.0 %, File 0 13.7 %, Synchronisation © © %, OpenMP overhead 13.5 %, Sleeping 3 % Zoom®] i= ®
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Arm DDT — The Debugger

Run

 Who had a rogue behavior ?
« Merges stacks from processes and threads

with Arm tools

Identify
a problem
* Where did it happen? Gather info
» leaps to source o KT re How F
. . Fix
* How did it happen?
« Diagnhostic messages i || Curmetiinat | Gurrat s |
« Some faults evident instantly from source = lieiLC — ==
» Why did it happen? e —-ul}
* Unique “Smart Highlighting” A\
» Sparklines comparing data across processes o itz pop (sl 019
150118 ] ..create_ocn_communicator (communicate f90-300)




Preparing Code for Use with DDT

* As with any debugger, code must be compiled with the debug flag
typically -g
* It is recommended to turn off optimization flags i.e. =00

* Leaving optimizations turned on can cause the compiler to optimize
out some variables and even functions making it more difficult to
debug

AAAAAAAAAAAAAAAAAA



Basic Arm DDT Example
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Memory Debugging Arm DDT Example
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Offline Mode DDT Examples
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Five great things to try with Arm DDT

Inp\mmull Breakpo uipul] St ’ Eil-l? '_é < JSIEEETEJFJ]HJ UL S
Tracepeint Output CLilL = 8 My This file is newer than your program. Please recompile then restart yo
Tracepoint Processas Vialues logged it = B i o= S5IZE Mp i+r) 43 else
for [j =8 3 j < SIZE My j+e] A 44 test=-1:
et e ] s o W28 e - Tor (k= B K < SI7E 0; Fail a5 1 '
i ClJi) += Al11kl = BLEIL1]:
Vhene S081 mr1n7l.‘;2—23.12 B - o p ig = void func3()
hremes | s o W 2w er Frozess 0: 8
vhene nunann. | " L " lad HEL ' 49 void* i = (void*) 1;
m,ﬁnlﬁ MPFT J Frocess mpﬂﬂ at w\aﬂ:hpﬂlnt “rank® in man (watchmatne.c:45). & 58 whlle(iH I I !1)
Mo fET g BT e p PrT— id*1i):
e G045 :;%:1:);2-2; e ‘-’L mEr o H-‘ A . :ﬂ ﬂu:;:;z‘:::‘:wmwm" B portability s of type 'void *'. When using void pointers in calcula
s . n Left click to add a breakpoint on line 50
vhone 12081 :%1:1"7.22-23.12 ks = 1 kmax pe incT( | = Continue | 1 Pause A1 Pauze &l | 55 1
" {arge 56 t
'vhone 1085 . 9 for (1 = @3 vl H H H
- The scalable print [ : 57 Static analysis warnings
- Stop on variable change 8 in

on code errors

alternative

& !stremp(argv[i], "crash")) {
. wentss [+ |3 wovises

e g | akocation Thie |

s",' *(char **)argv[i]);

s Program Stopped
' Processes 0-3:

Memory error detected in main (hello.c:118):

I —

H eraf = 4

null peinter d @ or L g ry access

Note: the latter may sometimes occur spuricusly if gual

=1: enabled e
! Tip: Use the stack list and the local variables to explore

current state and identify the source of the error.

Detect read/write BN Detect stale memory

beyond array bounds - allocations
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Glean Deep Insight from our Source-
Level Profiler

Memory usage (M)
651 - B26 ({ 29.3 awvg )

MPI call duration (ms)
0D - 727.9 {136.2 avg )

MPI point-to-point (/s)
0 - 217 (1.0 avg )

MPI collectives (/s)
0 - 172 { 0.6 avg )

CPU memory access (%)
0O - 100 { 1B.7 awg )

CPU floating-point (%)
0 - 100 { 10.9 awvg )

CPU wector (%)

0 - 100 { 37.6 avg )

CPU branch (2&)

0 - a0 {05 awg )

Track memory usage across the

entire application over time

Spot MPI and OpenMP
imbalance and overhead
s S = Optimize CPU memory and
vectorization in loops

Detect and diagnose I/O

bottlenecks at real scale
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Allinea MAP — The Profiler

File Edit View Window Help

Profiled: wave openmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 10:26:34 2014 Runtime: 30s Hide Metrics...

Small data files roteation ey

CPU floating-point (%)

o - 70 (14.5avg )
Memory usage (kB)
44,663 - 72,221 (68,908 avg )}

10:26:34-10:27:04 (29.975s): Main thread compute 14 %, OpenMP 21 %, Overhead 64 %, Sleeping © % | CPU floating-point 14.5 %:; Memory usage 68,908 kB: Metrics,| Select all |

<5% slowdown “ wave penmic 3 | | .

npoints; 3450

No instrumentation

Input/Output | Project Files ~ Stacks | OpenMP Regions |
Stacks 5 x

Time MPI IOverhead | Function(s) on line ISource I Position I
= & wave_openmp [program]
# main wave_openmp.c:
Elupdate iterations = update (left, right); wave openmp.

41.0% |[H NN 0

. . 37.ase (INLAH 0L 0L [T ] < Update. omp fn.0.constprop 1 | IDTamme omp DaTaLiol SnaTed(newraly OlmvaLy ralueo Wave ShenmamEia
38 I o ; I T Wave openmp.
O recompliiation asoelll B UL W11 a8% omp_in_final e b poratie1 Chared(newval, cldval, value. wve onenmbC213
0.5% 1 | 3 others

0.1%] 1 other

[allinea Ultimate map-smoketest-scripts-5.0 0a3fe5bcf767 Mov 7 2014 ]
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Sample

Adaptive frequency
sampling

time

Same scalable

Sca Ia ble infrastructure as
Allinea DDT
Instruction Categorizes
. instructions
analysis sampled
Th Fea d Core-time not
.pe thread-time
profiling profiling
Part of Forge
Integrated A

decreases over

How Arm MAP is different

Data never
grows too much

Merges sample
data at end of
job

Knows where
processor
spends time

Identifies lost
compute time

Zoom and drill
into profile

Run for as long
as you want

Handles very
high core
counts, fast

Shows
vectorization
and memory

bandwidth

Detects
OpenMP issues

Profiling within
your code

AAAAAAAAAAAAAAAAAA



Preparing Code for Use with MAP

* To see the source code, the application should be compiled with the
debug flag typically -g

* It is recommended to always keep optimization flags on when
profiling
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Basic Arm Map Profiling Example
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Matrix Multiplication Example
C=AxB-+2C

Master process | —{ %] i"'
i k ) j
Slave process 1 ==LJ i"'
A B
Slave process n-1 ==LJ i"'
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Matrix Multiplication Profile

Frofiled: mmuli2 c.exe on 64 processes, 1 node Sampled from: Fri Mow 11 22:11:16 2016 for 236.5s Hicde Metrics...

e ... s

CPU floating-point el
1.0 % e R e i _ . N = _ - -
o [rr —— . e e e e e — e B e e e O e e e S e N g —
Memory usage ST |
0.51 GB -
o
22:11:16-22:15:12 (236.4565s): Main thread compute 42.9 %, MPI56.7 %, File V'O 0.0 %, Sleeping 1 % Zoom -'“'bI EE 2
Eommult?e 3 Time spenton line 63 = [
== = wvoid mmult{int size, int nslices, double *a, double *B, double *C) [«] Breakdown of the 42.2% time spent on this line:
S4 ! . . . . . . Executing instructions
55 @ for{int 1=0; i1<=sizesnslices; 1++) ) .
== Calling gther function at
57 = Io riint j=0; j=size; j++) < Time in instructions executD
58 ]
=0. 1% = double res = 0.0 Scalar floating-point 0.3%
S0 ) _ — ‘Vector floating point 21%1
0.2% gé =l for{int k=0; k=size; k++]} Scalar integer 0.1%
A2. 2% _ ., 63 res += Pli*sizetk[*B[k*size+7]; Wector integer E
54 } Memory access* o I
55 . . . Branch
<@. 1% 56 Cli*size+j] += res; ) ) .
57 T Other instructions 69 4% I
58 i * 28.1% memory access instructions, 70.2%
[51=] T = implicit memory accesses in other instructions,
(] = | >]~ also counted in their categories
Input’Output ] Project Files Main Thread Stacks | Functions ]
= 3

Main Thread Stacks

Total core time -  MPI Function(s) on line
= # main

42.4% _ .. mmult [inlined]

39.9% - EEEED MP1_Finalize
11.7% M 11.7% MPI_Recy
4.4% e 4.4% MPI_Send

10 others

1.7%
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Enabling Vectorization

The compiler is unable to vectorize efficiently because of the following line
in C:

res += A[i*size+k] *B[k*size+]];

and in F9O0:

res=A(1*size+k) *B(k*size+]j)+res

rewrite mmult to have

in C:
res += A[i*size+k]*transB[j*size+tk];
and in F90:

res=A(1*size+k) *transB(j*size+k) t+res

AAAAAAAAAAAAAAAAAA



Improving Data Layout and Access Pattern

Frofiled: mmult2 loops c.exe on 64 processes, 1 node Sampled from: Fri Mov 11 22:18:48 2016 for 150.3s Hide Metrics...
e __
CPU floating-point ol s T T e T T

23% i g
o I
Memory usage s =
0.44 GE L
o
22:18:48-22:21:18 (150.328s): Main thread compute 3.6 %, MPI94.1 %, File YO 0.0 %, Sleeping * % Zoom A:I EE

CEommult2_sol.c 3 Time spenton line 63 & 3]

=2 Hvoid mmult(int size, int nslices, double *A, double *transB, double *CJa| Breakdown of the 2.6% time spent on this line:
>4 i . . . . . . Executing instructions  100.0% D
55 @ for(int 1=0; 1<=size/nslices; 1i++) ] ! .
S5 Calling other functions %
57 = for{int j=0; j<=size; J++) Time in instructions executed:
=8 |
=0. 1% 59 double res = 0.0; | LB L
EE ) . t “ector floating point
=0, 1% 81 @ for{int k=0; k<size; k++) ik :
62 { N i
2. 6% o 63 I res += Ali*sizetk] * transBlj*sizetk]; // wvector multiplication Vector integer E
11 ¥ Memory access* 10¢
55 . . . Eranch
=0. 1% 66 Cli*size+]] += res; ) ) o
Other instructions
67 T
58 T *14.5% memory access instructions, 85.5%
59 T = implicit memory accesses in other instructions,
(Il i |*]H also counted in their categories

Inputf/CQutput ] Froject Files Main Thread Stacks | Functions ]

Main Thread Stacks (& €]
Total core time - | MPI Function(s) on line
= # main
49.9% I o 0% L MPI_Finalize
24 0% 24.0% - MPI_Recv
18.9% e eennn 18.9% ~MPI_Send
= mmult [inlined]
2.6% ~ _
0.1% 3 others
2.2% munmap
2.2% # 13 others
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Serial Bottleneck

Frofiled: mmult2 loops c.exe on 64 processes, 1 node Sampled from: Fri Mov 11 22:18:48 2016 for 150.3s Hide Metrics...

rme— _

CPU floating-point el TS Tt T T T s e e v T e —
0% ]
o P
Memory usage s = |
0.37 GE —_— e =
o
22:20:09-22:21:18 (68.400s, 45.5% of total): Main thread compute 1.5 %, MFI98.5 %, File VO 0.0 %, Sleeping % Zoom -'ﬂ'bI EE @
& mmult2 solc 32 Time spent on line 194 (& [3€]
1885 printf{'sd: Sending result matrix...\n", myrank): =] Breakdown of the 1.5% tme spent on this line:
17 . Executing instructions :
128 MPI_Send ( &amat_cl[0], slice, MPI_DOUBLE, 0, SOc+myrank, MPI_COMM_W ) )
129 T Calling other functions
190 -
191 if{myrank == @)
192 i -
193 printf("s%sd: Writing results...%n", myrank);
1.5% 194 I mwritelsize, mat c, filename J;
195 printf("%d: Done.“n", myrank);
1985 ¥
197
198 free(mat_a);
=@. 1% 199 free(mat_b);
=@. 1% 200 fresimat_c); —
201 ) )
ss. == I -0 MPI_Finalize(]; —
(<11 [+]
InputOutput | ProjectFiles | Main Thread Stacks | Functions |
Main Thread Stacks (& €]
Total core time - | MPI Function(s) on line

= # main
98.5% 98.5% - MPI_Finalize
=% mwrite [inlined]

=0.1% [+ 2 others
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Inefficient |/O

* if (myrank == 0)

{

printf ("$d: Receiving result matrix...\n", myrank);
[...]

}

else

{
printf ("%d: Sending result matrix...\n", myrank);
[...]

}

if (myrank == 0)

{
printf ("%d: Writing results...\n", myrank);
mwrite (size, mat c, filename);

}

AAAAAAAAAAAAAAAAAA



Improve Scalability of I/O Routines

*printf ("%$d: Writing results...\n", myrank);

*MPI File open(MPI COMM WORLD, filename,
MPI_MODE CREATE+MPI MODE WRONLY, MPI INFO NULL,
&fh) ;

 MP1 Flle set V1ew(fh O, MPI __DOUBLE,

MPI DOUBLE "native", MPI_INFO_NULL)

*MPI File write at(fh,

slice*myrank*sizeof (double), &mat c[0], slice,
MPI DOUBLE, &st);

. MPI_Barrier (MPI_COMM_WORLD) ;
*MPI File close(&fh);

AAAAAAAAAAAAAAAAAA



3x Speedup from Original Code

Frofiled: mmult2 loops mpiio c.exe on 64 processes, 1 node Sampled from: Fri Mow 11 22:19:05 2016 Hide Metrics...

Main threaud actvity

CPU floating-point

4.5 % _ '
0 - i —
Memory usage Aozl
0.51 GE e |
o
22:19:05-22:20:20 (75.744s). Main thread compute 5.4 %, MPI50.0 9%, File VO 37.9 %, Sleeping 7 % Zoom -'ﬂ'bI EE x)
& mmultd.c 32 Time spenton line 230 &
Sl T (o] Breakdown of the 36.8% tme spent on this line:
=223 . . Executing instructions it
224 printf("=d: Processing...\n", myrank); ] !
575 Calling other functions
5.3% e 226 mmult({size, nproc, mat_a, mat_b, mat_c);
227
228 printf("s=d: wWriting results...%wn", myrank);
228
36.8% s E$ 230 [ MPT File cpen(MPI COMM WORLD, Tilename, MPL MODE CREATE+MPI MODE WRO
231 MPI_File_set_wview(fh, ©, MPI_DOUBLE, MPI_DOUBLE, "natiwve", MPI_INFO_|
o. 1% . 232 MPI_File_write_at(fh, slice*myrank*sizeof(doukle), &mat_cl[o]l, slice,
@. 1% ) 233 MPI_Barrier (MPI_COMM_WORLD) ;
1.0% i 234 MPI_File_close(&fh);
235 ) -
236 #1f FuLLDEBUG ... T ]
238 _ L
240 if(myrank == o) [(1...F ) —
21 L =dl
(4] [+]
Inputf/CQutput ] Froject Files Main Thread Stacks | Functions ]
Main Thread Stacks (& 3]
Total core time - | MPI Function(s) on line
= # main
46 1% e 46.1% ~MPI_Recv
36.8% - ——ee R MPI_File_open
6.4% [+ munmap
5.3% Ll mmult [inlined]
1.4% 11.4% - MPI_Finalize
1.2% 1.2% - MPI_Send
1.1% 1.1% - MPI_Recv
1.6% & [+ 13 others
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Six Great Thlngs to Try with Arm MAP

1 late to the party
do j=1,28"nprocs; a

i gg end it Project Files = Main Thread Stacks | Functions
5 S 34 g if {(pe /= @) then tacks
9 L ' ; .
f i gg elggu EEEEN TN x ~ MPI Function(s) on line
o 37 o do from=1,nprocs-1 CallActionsSeparatedConcerns [in
,__-,.-‘r B g call MPI_RECV(b,
— L EL do j=1,38; b=sgrt . . ianeCa
— B . 0 print *,"Answer f hemelb..Tet..lteri::\tet.j.Actlon..Cc
L 41 end do hemelb::extraction::Property?
42 end if hemelb::extraction::Property

43 __end do | hemelb:extraction::LocalPi
pUtE ?E %_ Mpl Id_ %_ F“E % a4 [ call MPI BARRIER({MPL CO . 80. Ehﬂ?.l.—f.”.e—write—at

Find the peak memory

TRl Remove 1/0 bottleneck

use

Hide Metrics...

size, nproc, mat a
Ali*size+k]*B[k*s

nal e
Restructure for
Improve memory access YRS

Make sure OpenMP

regions NELENINE vectorization
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Questions?
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Hands on Examples
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Arm Hands-on files

* The files for the examples that follow can be obtained on
theta at the following location

* /projects/SDL Workshop/arm/arm handson. tgz

* This extracts 2 directories: demonstrations and
arm_examples

* The demonstrations are there for you to play with
and ask gquestions

* The examples are more like guided exercises

AAAAAAAAAAAAAAAAAA



Launch Remote client

* Be sure to launch the remote client first
e Using a remote launch on your local machine is preferred

 Alternatively you can forward X11 when connecting to the login node
of theta, and launch it there

module load forge/18.0.2
forge &

* |f you accidentally close this window (easy to do), you will have
to start it again

AAAAAAAAAAAAAAAAAA



Hands-on Examples
* These examples are meant to be run on Theta in an
Interactive session

*gsub -I -q training -A SDL Workshop -t
120 -n 1 --proccount 64

* Once a session has been allocated, load the Arm
forge module

module load forge/18.0.2

AAAAAAAAAAAAAAAAAA



Before Generating MAP profiles

e Static profiler libraries need to be created before MAP profiles can be
generated

* Go to the arm_examples/wrapper directory
* Run

make-profiler-libraries --lib-type=static

* The Makefiles for the examples have already been modified to look
for the profiler libraries in this directory

AAAAAAAAAAAAAAAAAA



Go to

$>
$>

On

$>
In

$>

exercise 1

Exercise objectives
« Familiarize with DDT user interface
 Inspect values of u using multidimensional array viewer
« Set watchpoint and tracepoint for diffnorm_global
« Set breakpoint at line 89

Typical run commands to use:

cd arm_examples/1 debug/
make

Key DDT commands

the login node:

forge &

a submission file/interactive job:
ddt --connect aprun -n 4 ./jacobi.exe

AAAAAAAAAAAAAAAAAA



Use Arm Forge to vectorize your codes
CPU

A brealdown of the

| 2% CPU time:
Scalar numeric ops 2.5% |

Vector numeric ops 0.0% |

Activities Tue 15:17*

M e m I:I r‘:!llr a I:: C e S S e S ./highcachemisses.map - Allinea MAP - Allinea Forge 7.0 X

File Edit View Metrics Window Help
Profiled: mmult2_c.exe on 8 processes, 1 node Sampled from: Wed Nov 9 2016 14:50:14 (UTC) for 84.9s Hide Metrics...

Waiting for acceler

Main thread activity

CPU memory access

CPU 1p vector
61 %

987
Ratio of level 2 cache accesses to misses

Main thread compute 100.0 %, MP| 0.0 %, File /0 0.0 %

Overall:

Minimum: 5.83 (rank 3) Time spent on line 63 ®
v IR M) Breakdown of the 100.0% time spent on this line:

Mean: 87.9

Executing instructions 100.0%
mmult (int size, int nslices, double *A, double *B, double *C) Calling other functions  0.0%
Time in instructions executed:

D]

Maximum (X all ranks): 792

Selection: Ir (int i=0; i<size/nslices; i++) Scalar floating-point 0.0%
. ) g 0%
Mlnlmum. CO(enlse] [For (int 34=0; j<size; J++) |-| ~ Vector floating point 6.1%mm
Maximum: 9.3 (rank 0) I~ Scalarinteger 0.6%!
Mean: 98.7 for(int k=0; k<size; k++) Vector integer
Maximum (X all ranks): 792 { Memory access®
oo T res += A[i*size+k]*B[k*size+i]; Branch
62 } Other instructions 0.0%
22 I Clivsizerd] = res; * 93.2% memory access instructioqs, 3.5% implicit» memory accesses
65 } in other instructions, also counted in their categories
66 1 =
Input/Output | Project Files ‘ Main Thread Stacks ‘ Functions @®
Main Thread Stacks @®  Self +~ Total MPI Child  Function
Total core time ~ MPI Function(s) on line 100.0% 100.0% mmult
& ¢ main <0.1% 100.0% 100.0% main
&mmult °
100 0+ I I Argonne
LY R TI NATIONAL LABORATORY

Showing data from 6,208 samples taken over 8 processes (776 per process) Allinea Forge 7.0 » Main Thread View



Use Arm Forge to optimize memory access

oG-~

.fhighcachemisses.map - Allinea MAP - Allinea Forge 7.0

File Edit View Metrics Window Help
Profiled: mmult2_c.exe on 8 processes, 1 node Sampled from: Wed Nov 9 2016 14:50:14 (UTC) for 84.9s

Main thread activity

CPU memory access
96.7 %

61%

Level 2 cache misses (derived) ~

987
Ratio of level 2 cache to misses

Hide Metrics...

Main thread compute 100.0 %, MP1 0.0 %, File /O 0.0 %
Overall:

Minimum: 5.83 (rank 3)

Time spent on line 63

Maximum: 99.4 (rank 0)
Mean: 87.9

Maximum (X all ranks): 792 .
mmult (int size, int nslices, double *A, double *B, double

6,500,000
Selection: | (int i=0; i<size/nslices; i++)
Minimum: 80.3 (rank 3)
Maximum: 99.3 (rank 0) [os(dnt 3207 3<sizei 3+4) 6,000,000
Mean: 98.7 for(int k=0; k<size; k++)
Maximum (X all ranks): 792
fexmun Bl ek - res 4= Ali¥sizerk]%B[kvaizeti]s 5,500,000
62 3
63 ]
64 Cl[i*sizetj] += res; 5,000,000
65 }
66 b
Input/Output | Project Files Main Thread Slacks| Function: 4,500,000
Main Thread Stacks @® | Self
Total core time ~ MPI Function(s) on line (< 100.0%| 4,000,000
= main <0.1%
=mmult L
100 0 i ELLEL

Showing data from 6,208 ples taken over 8_|.;| (776 per process)

3,000,000
2,500,000

2,000,000

Allocation Details
=+ 3,145,728 bytes, 2 allocations
=- main {(memkind_stats.c:21) (1,048,576 bytes, 1 allocation)
. b At Ox7fffedde6000, size: 1,048,576 bytes

Cur

&l main {memkind_stats.c:22) (2,097,152 bytes, 1 allocation)

L. At Ox7fffdd200000, size: 2,097,152 bytes, kind: memkind_hbw

Rank O

main (memkind_stats.c)
ompi_free_list_grow
hwloc_nolibxmi_backend_init
opal_hwlocl91_hwloc_bitmap_alloc
opal_hash_table_init2

Other allocations

Rank 1 Rank 2 Rank 3
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Go to exercise 2

$>
$>

On
$>
In
$>
$>

Exercise objectives

« Generate initial baseline profile

« Ensure the matrices are stored in the MCDRAM (if applicable)

» Fix the inefficient memory access issues

» Further enable vectorization with Intel compiler flag -xMIC-AVX512
« Generate profile with MAP after applying changes

Typical run commands to use:

cd arm_examples/2 _memory accesses/
make

Key Map commands

the login node:

forge &

a submission file/interactive job:

map --profile aprun -n 64 ./mmult2 c.exe
map --connect ./mmult2 c *.map
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How to identify load balancing issues?

Problem: “one or some process(es) have too much work”

Clues visible in synchronization

— MPI Collective calls (MPI_Barrier, _Broadcast, etc.) with no actual data transfer
— Idle cores where threads are stuck in locks/mutexes

Sync. sSync.
Start Stop

Process/Thread 0 :
RECCETAGEECER: INACTIVE |

e el INACTIVE
Process/Thread 3 INACTIVE

Total runtime: 100 sec

Total CPU time available: 400 sec
Total CPU time actually used: 250 sec
Efficiency: 62.5% of the machine time

Sync. Sync.
Start Stop
4 4

RRRRRRAORARRRRRRRRR RS

Process/Thread O
Process/Thread 1 |

Process/Thread 3 INACTIVE

Total runtime: 100 sec

Total CPU time available: 400 sec
Total CPU time actually used: 300 sec
Efficiency: 75% of the machine time
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se Arm MAP to balance your workloads

File Edit View Metfrics Window Help
Profiled: mmult5_c.exe on 16 processes, 2 nodes Sampled from: Mon May 23 2016 16:49:13 for 139.6s Hide Metrics...
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83 return tmp_A; [+«] = No time was measured on
84 } this line.
85

86

87 = int main(int argc, char *argvl[]) —

88 { |

89 int myrank, nproc, size, slice;

90 [ double *mat_a, *mat_b, *mat_c, *tmp;

S1 char filename[32];

92 MPI_Status st;

53 =
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Main Thread Stacks 5
Total core time ~ MPI Function(s) on line <
40.9% S 109% MPI_Finalize
33.5% il =mmult [inlined)
10.4% hapee. 104%  -MPI_Recv
o Eos — o £os LRARL Cand

Argonne &

NATIONAL LABORATORY



Go to exercise 3

« EXxercise objectives
» Expose workload imbalance issues in the code (preferably on 2 nodes)
« Make suggestions to fix the problem

« Typical run commands to use:

$> cd arm_examples/3 imbalance/
$> make

« Key Map commands

$> map --profile aprun -n 64 ./mmultd _c.exe
$> map --connect mmultd4 c_*.map
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Go to exercise 4

Sometimes optimizations introduce bugs of their own

« EXercise objectives
» Use ddt in offline mode to detect memory leaks
« Examine the debug_report.txt file
* Fix the leak
« Generate new report

« Typical run commands to use:

$> cd arm_examples/4 memory leak/
$> make

« Key ddt commands

$> ddt --offline --mem-debug --output=debug report.txt aprun -n 4
./mmulté c.exe
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Solutions to Exercises

e Solutions to these exercises can be found in the .solution
directory in each of the exercises
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